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5 What s 


What are the changes in AKI for? 
What is the Evidence: VALIDITY ? 


What is the Relevance: UTILITY ? 
What is the RISK:BENEFIT? 
What is the COST: BENEFIT? 
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CLASSIFIERS 

love new classifications. . . 
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CLASSIFICATIONS 

CKD 


CRF 


MILD 

MODERATE 

SEVERE 


Prognosis of CKD by GFR 
and Albuminuria Categories: 
KDIGO 2012 


Persistent albuminuria categories 

Description and range 

A1 

A2 

A3 

Normal to 
mildly 
increased 

Moderately 

Severely 

increased 

increased 

<30 mg/g 

30-300 mg/g 

>300 mg/g 

<3 mg/mmol 

3-30 mg/mmol 

>30 mg/mmol 




Green: low risk (if no other markers of kidney disease, no CKD); Yellow: moderately increased risk; Orange: high risk; Red, very high risk. 
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AKI Classification 


ARF 

Pre-Renal 

Renal 

Post-Renal 


Figure 1 . Summary of RIFLE, AKIN, and KDIGO Criteria. 

RIFLE AKIN 


SCr/GFR Criteria UO Criteria 


, Increased creatinine x 1 .5 

Rlsk or GFR decreases >25% 

UO s 0.5 mlAg/hr 
*6 hr 

Increased creatinine x 2 
ln J ur Y or GFR decreases >50% 

UO s 0.5 mlAg/hr 
x 12 hr 

Increased creatinine 
x 3 or GFR decreases 
Failure >75% or creatinine 
* 4 mg/dL 
(acute rise of 
s 4 mg/dL) 

UO s 0.3 mLAcy’hr 
x 24 hr or anuria 
x 12 hr 


Persistent ARF = complcto loss of 
renal function > 4 weeks 



ESRD 


SCr/GFR Criteria 

UO Criteria 

Increased 
Stage 1 SCr xl .5 

or a0.3 mg/dL 

UO s 0.5 mL/kg/hr 
x6hr 

Increased 

Stage 2 creatinine x 2 

UO s 0.5 mL/kg/hr 
x 12 hr 

Increased creatinine 
x 3 or creatinine 
Stage 3 *4 mg/dL (acute 
rise of a 4 mg/dL) 

UO s 0.3 mU 1 

kg/hr x 24 hr or 
anuria x 12 hr 

KDIGO 


Stage SCr 

UO 

1 2 1 .5 times baseline 

OR 

0.3mg/dl increase 

< 0.5mlikg/hr for 2 6hrs 

2 times baseline 

< 0.5mLAg/hr for 2 12hrs 

3 2 3 times baseline 

OR 

increase in creatinine to 2 4.0 mg/dL 

< 0.3mL/kg/hr for ? 24hrs 
OR 

Anuriafor 2 12hrs 

In patients <1 8 yrs decrease of eGFR to 
less than 35 ml/min/1,73m* 


3 to 5 
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AKI Classification 


Figure 4. Theoretical next generation of adapted RIFLE criteria 
for diagnosis and classification of AKI. 



Function criteria 

Damage criteria 

Risk 

Increased serum creatinine level 
x 1 .5 or 25 umol/l 

or urine output < 0.5 (mL/kg)/b for 6 h 
or decreased function marker by > 25% 

Change in any injury marker A-C 
> upper limit of normal 

Injury 

Increased serum creatinine level 
x 2 or urine output < 0.5 (mlVkgJ/h 
for 12 h or decreased function 
marker by > 50% 

Change in any injury marker A-C 
> 2 x upper limit of normal 

Failure 

Increased serum creatinine 
level x 3 or urine output 
< 0.3 (mLAg)/h for 24 h 
or decreased function 
marker by > 75% 

Change in two or more 
injury markers A-C 
> 2 x upper limit of normal 


Loss 


Complete loss of renal function 
for > 4 weeks 


ESRD 


End-stage renal disease 


Reprinted with permission from reference 36. 
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AKI 



“Epidemiologists” Clinical Nephrologists 


What can I LEARN from you? What can I DO for you? 
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CASE STUDY 


68 YEAR OLD WITH SCR 2MG/DL FOR THE LAST 5 YEARS 

PRESENTS WITH SCR: 5mg/dl 
URINE OUTPUT <400ML/24H 
URINALYSIS: PROTEINURIA/HEMATURIA 
URINE MICROSCOPY: RBC CASTS 

HOW TO YOU MANAGE THIS PATIENT? 
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CASE STUDY 


68 YEAR OLD WITH SCR 2MG/DL FOR THE LAST 5 YEARS 
PRESENTS WITH SCR: 4MG/dl 
URINE OUTPUT <400ML/24H 
URINALYSIS: PROTEINURIA/HEMATURIA 
URINE MICROSCOPY: RBC CASTS 

AKI STAGE 3 


HOW TO YOU MANAGE THIS PATIENT? 
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5 What s 


What are the changes in AKI for? 
What is the Evidence: VALIDITY ? 


What is the Relevance: UTILITY ? 
What is the RISK:BENEFIT? 
What is the COST: BENEFIT? 
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AKI Classification 


Figure 1 . Summary of RIFLE, AKIN, and KDIGO Criteria. 


RIFLE 


AKIN 



SCr/GFR Criteria 

UO Criteria 

Risk 

Increased creatinine x 1.5 
or GFR decreases > 25% 

UO * 0.5 ml/kg/hf 
x 6 hr 

Injury 

Increased creatinine x 2 
or GFR decreases >50% 

UO * 0.5 mL/kg/hr 
x12hr 




Increased creatinine 
x 3 or GFR decreases 

Failure >75% or creatinine 

* 4mg/dL 

(acute rise of 

* 4 mg/dL) 

UO s 0.3 mL/kg/hr 
x 24 hr or anuria 
x 12 hr 


Loss 


Persistent ARF - complete loss 
renal function > 4 weeks 


of 


ESRD 



SCr/GFR Criteria UO Criteria 


Increased 
Stage 1 SCrxl.5 

or i-0.3 mg/dL 

UO s 0.5 mL/kg/hr 
x6hr 

Increased 

UO s 0.5 mL/kg/hr 

Stage 2 creatinine x 2 

x 12 hr 

Increased creatinine 

UO s 0.3 m U 

X x 3 or creatinine 

Stage 3 *4 mg/dL (acute 
rise of s 4 mg/dL] 

kg/hr x 24 hr or 
anuria x 12 hr 


KDIGO 


Stage 

SCr 

UO 

1 

a 1.5 times baseline 
OR 

< 0.5mL/kg/hr for 2 6hrs 


0.3mg/dL increase 


2 

2 2 times baseline 

< 0.5mL/kg/hr for * 12hrs 

3 

2 3 times baseline 
OR 

increase in creatinine to 2 4.0 mg/dL 

In patients < 1 8 yrs decrease of eGFR to 
less than 35 ml/min/1,73m ! 

< 0.3ml/kg/hr for 1 24hrs 
OR 

Anuria for 2 12hrs 
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The Limitations of sCr in AKI 


1 . Late Changes 

2. Affected by Sarcopenia 

3. Affected by Nutrition 

4. Affected by Hydration 

5. Affected by Metabolic interference with assay 

6. Affected by Drug Therapies 
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The Limitations of eGFR in AKI 


eGFR NOT Applicable to AKI 
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AKI-CKD 



“Epidemiologists” Clinical Nephrologists 


What can I LEARN from you? What can I DO for you? 
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AKI - Progression 



Early detection 
biomarkers 

Serum (NGAL, 
Cys C); urine 
(NGAL, IL-18, 
KIM-1, GST, 
L-FABP) 


Diagnostic 

biomarkers 

Serum (NGAL, 
Cys C); urine 
(NGAL, KIM-1) 


Diagnostic 

biomarkers 

Serum 
(creatinine, 
urea, Cys C) 


Prognostic 

biomarkers 

Serum (NGAL, 
Cys C, creatinine, 
urea, IL-6, CRP); 
urine (NGAL, 
KIM-1) 


Figure 3: Evolution of acute kidney injury 

Injury begins before excretory function is lost (ie, decreased GFR) and can in some cases be detected by the 
measurements of biomarkers. Such biomarkers can also be used for diagnostic and prognostic assessment. 
GFR=glomerular filtration rate. NGAL=neutrophil gelatinase-associated lipocalin. Cys C=cystain C. KIM-l=kidney 
injury molecule 1. IL-l8=interleukin 18. GST=glutathione-S-transferase. L-FABP=liver fatty-acid-binding protein. 
CRP=C reactive protein. IL-6=interleukin 6. 
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K/DOQI 2002 


Stage 

1 

2 


CKD Classification 


Description 


Kidney 
Mild 


GFR 

irmal GFR*>90ml/min 
sufficiency* 89-60 



3 

4 

5 


Moderate renal insufficiency 
Severe renal insufficiency 
Kidney Failure/ERF/ESRD 


59-30 

29-15 

<15 
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Pattern of urinary biomarker expression after cardiac surgery 



Hours Post Open Heart Surgery 


• 90 patients post cardiac surgery 
•36 developed AKI - all after 24 hours 


— <=— No AKI 

— »— AKI 
— Early AKI 
— ** — Late AKI 
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Han W K et al. CJASN 2009;4:873-882 





Little Man Syndrome 


jht © 2007 
RN.com 



BIG PHARMA!!!!!! 

If you want to sell ore drugs... change the Definitions.... 


Dyslipidemia....no need to check Cholesterol.... STATINS for ALL 
Osteoporosis. . >1 SD. . .BISPHOSPHONATES FOR ALL 

Hypertension.... Pre-Hypertension 
Diabetes. . . .Pre-Diabetes. . .METFORMIN FOR ALL 

CKD... Microalbuminuria & .eGFR< 60 for ALL...ACEi FOR ALL 

AKI....Biomarkers of Damage...??????? 
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Three hypothetical causal models of the AKI-CKD association 


MODEL 1 


Risk factors of 
kidney injury 





MODEL 3 


Risk factors of 
kidney injury 
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Rifkin D E et al. JASN 2012;23:979-984 







Drug Nephrotoxicity 


Panel 1: Drugs that contribute to acute kidney injury 

• Radiocontrast agents 

• Aminoglycosides 

• Amphotericin 

• Non-steroidal anti-inflammatory drugs 

• (3-lactam antibiotics (specifically contribute to interstitial 
nephropathy) 

• Sulphonamides 

• Aciclovir 

• Methotrexate 

• Cisplatin 

• Ciclosporin 

• Tacrolimus 

• Angiotensin-converting-enzyme inhibitors 

• Angiotensin-receptor blockers 
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OPEN 0 ACCESS Freely available online #PLOS I on. 

ACE Inhibitor and Angiotensin Receptor-ll Antagonist 
Prescribing and Hospital Admissions with Acute Kidney 
Injury: A Longitudinal Ecological Study 

Laurie A. Tomlinson 1 *, Gary A. Abel 2 , Afzal N. Chaudhry 3 , Charles R. Tomson 4 , Ian B. Wilkinson 1 , 
Martin O. Roland 2 , Rupert A. Payne 2 
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AKI // RAS Inhibition 
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What is the relationship between AKI and CKD ? 


Hazard ratio 
f\/ . random . 95% Ol 



Protedur© Excess nsk 


Hazard ratio 
IV. random . 95% Ol 


o 


i i 

0.01 0-1 

Protoctv o 



1 io ioo 

Excess nsk 


Risk of CKD 
hazard ratio 8.8, 95% Cl 
3.1-25.5 


Risk of ESRD 

HR 3.1, 95% Cl 1. 9-5.0 



Global 

Kidney 

Academy 




Renal recovery after AKI 

Associated with improved patient and renal survival 



NO AKI 154.090 
AKI rocovorod 2.247 
AKI not i«cov«i«d 984 
AKI » eeov**Y urKitown 880 


142.975 
1 992 
786 
8)5 


109.202 
I 290 
485 
600 


y ©nr 

73.452 

8^8 


4) 878 
440 

1 54 
248 


19.760 

199 


Mo AKI AKI f*<<>v*«©<J 


AKI not r«<ovefe<) 


<26 

AKI reoovfy urAnown | 


No AKI 166.090 
AKI recovered 2 247 
AKI not r«covorod 984 
AKI rocovocv urhnown 4110 


142.607 

1.677 

680 

030 



YOUNG 



105.780 

1.272 

408 


73 004 
625 
243 

401 


43 606 
474 

126 

243 


6) 

120 
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AKI ftcoxt»a ■ ■ AKI not fiw t fKl AKi rtoovtcy Mrtoov»fi | 


Pannu N et al. CJASN 2012 doi:10.2215/CJN.06480612 







AKI 0 by 25 


Most Common Cause of AKI Worldwide? 
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AKI 0 by 25 


Most Common Cause of AKI Worldwide? 
DEVELOPING COUNTRY 

YOUNG 
DEHYDRATION 
INFECTIONS/MALARIA 
OBSTETRICS (25%) 
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AKI 0 by 25 


Most Common Cause of AKI Worldwide? 

DEVELOPED COUNTRY 

OLD 

T2DM-CVD-CKD 
DRUG NEPHROTOXICITY 
SURGERY/CARDIAC 
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AKI 0 by 25 


AKI PREVENTION 

IS NOT A NEPHROLOGIST PROBLEM! 


PRIMARY CARE PHYSICIANS 
NON NEPHROLOGISTS 
INFECTIOUS DISEASE SPECIALISTS 

SANITATION 
CLEAN WATER 
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